The effect of corruption on airport productive efficiency is analyzed using an unbalanced panel data of major European airports from 2003 to 2009. We first compute the residual (or net) variable factor productivity using the multilateral index number method and then apply robust cluster random effects model in order to evaluate the importance of corruption. We find strong evidence that corruption has negative impacts on airport operating efficiency; and the effects depend on the ownership form of the airport. The results suggest that airports under mixed public-private ownership with private majority achieve lower levels of efficiency when located in more corrupt countries. They even operate less efficiently than fully and/or majority government owned airports in high corruption environment. We control for economic regulation, competition level and other airports' characteristics. Our empirical results survive several robustness checks including different control variables, three alternative corruption measures: International Country Risk Guide (ICRG) corruption index, Corruption Perception Index (CPI) and Control of Corruption Index (CCI). The empirical findings have important policy implications for management and ownership structuring of airports operating in countries that suffer from higher levels of corruption.
Introduction
This paper investigates the relationship between airport efficiency and corruption in Europe. The determinants of airport efficiency have been largely analyzed in the literature. Studies found that ownership forms (Oum, Adler and Yu, 2006; Georges Assaf and Gillen, 2012; Adler and Liebert, 2014) , the level of competition (Chi-Lok and Zhang, 2009; Malighetti et al. 2009 ), economic regulation (Georges Assaf and Gillen, 2012; Adler and Liebert, 2014) and institutional arrangements (Oum, Yan and Yu, 2008) , among others, affect the performance and productivity of airports. The impacts of corruption on airport cost efficiency have received limited attention.
To our knowledge, the study by Yan and Oum (2014) appears to be the only one that investigates the effects of corruption on productivity and input allocation of airports. Using the case of major commercial US airports, their findings reveal that corruption negatively influences airport productivity: in more corrupt environments airports become less productive and tend to use more contracting-out to replace in-house labor. Nonetheless, their empirical analyses are limited to the US airports, which have limited forms of governance. US airports are owned and operated either by a branch of government (mostly municipal or metropolitan government) or through an airport or port authority set up by government. In this study, we extend the analysis of Yan and Oum (2014) to include different forms of airport management and ownership, including mixed public-private ownership with private minority, mixed public-private ownership with private majority and fully private ownership.
In recent years, the private-sector participation in airport management and/or ownership has become a worldwide trend. Starting from the seven major airports in UK including Heathrow, Gatwick and Stansted airports in 1987, many airports in Europe are fully or partially privatized and/or in the process of being privatized. 6 The main goal of airport privatization is to allow for easier access to private sector financing and investment, and to improve operating efficiency (Oum, Adler and Yu, 2006) . We argue that privatized airports operating in corrupt environments may not achieve higher levels of efficiency because the incentives for managers to pursue efficiency goals are lower. Furthermore, private sector managers have more autonomy to change the allocation of inputs compared with bureaucrats, then they may focus on deriving personal benefits.
Our research is motivated by the literature on the effects of corruption on firm performance, and the empirical findings of Yan and Oum (2014) 7 and Dal Bò and Rossi (2007) 8 on the negative correlation between corrupt environments and firm productivity. Corruption, which is defined as the misuse of public resources for private gains (Svensson, 2005 ) is a major source of economic inefficiency, as it diverts scarce resources from their most productive use. Furthermore, corruption is found to divert firms' managerial efforts from productive activities to rent-seeking activities including political connection building (Fisman, 2001; Svensson, 2003; Clarke and Xu, 2004; Khwaja and Mian, 2005; Dal Bò and Rossi, 2007; Cai, Fang and Xu, 2011) . This study attempts to contribute to both the literature on the influence of corruption on economic performance at the micro level and the literature on the efficiency of airports.
We use airports located in Europe to investigate our research question. The corruption levels of European organizations are relatively lower compared with the rest of the world; however evidence show that corruption remains a major concern in the European countries. Empirical findings of Hessami (2014) suggest that corruption in the broad sense of use of government office for private benefit is an issue in OECD countries and is not limited to low-income countries. Furthermore, the OECD (2014) reports that bribes are not just a problem for developing world: bribes are being paid to officials from countries at all stages of economic development. The report also reveals that bribes are usually paid to win public contracts from western organizations and most bribe payers and takers are from wealthy countries.
The airport industry in Europe is not free from corruption scandals; for instance, the New York Times reported that a $183 million airport project in Spain has become a symbol of the "wasteful spending that has sunk Spain deep into the recession and the banking crisis". 9 Corruption was also exposed in the reconstruction of Terminal 2 at Germany's Frankfurt Airport in 1996. 10 More recently in 2014, bribery scandals hit the airport of Berlin Brandenburg (BER); bribes were suspected to have been paid by firms wanting to secure airport contracts. 11 We use an unbalanced panel data set consisting of 47 major airports from 27 European countries during the [2003] [2004] [2005] [2006] [2007] [2008] [2009] period to empirically investigate the impacts of corruption on operating efficiency. Our main corruption measure is the country-level International Country Risk Guide (ICRG) corruption index. 12 The residual (or net) variable factor productivity purchased from the Air Transport Research Society (ATRS) is used as measure of airport operating efficiency. We find that corruption lowers airport managerial efficiency; and the impacts depend on the airport ownership form. Our results confirm the previous findings that privately owned airports, including majority and fully private ownership, are generally more efficient than majority and/or fully government owned airports. However, privately owned airports operate less efficiently than their publicly owned counterparts in high corruption environment. We control for the form of regulation prevalent across European airports, levels of competition, airport characteristics, and potential shocks that may affect airport efficiency during the 2003-2009 period. Our empirical results withstand several robustness checks including different control variables, three alternative corruption measures: International Country Risk Guide (ICRG) corruption index, Corruption Perception Index (CPI) and Control of Corruption Index (CCI) and change in the ownership categories.
The remainder of this paper is organized as follows: Section 2 summarizes the literature on corruption and airport efficiency. Section 3 presents the methodology for computing airport efficiency and assessing the impacts of corruption on the efficiency. Data sets are described in Section 4 and Section 5 defines the variables used in the analysis. The empirical results are presented in Section 6, followed by some robustness checks in Section 7. Finally, conclusions are given in section 8.
Literature Review
Corruption influences economic performance at both macro and micro levels. The impacts of corruption on economic performance at the macro level are considered in Schleifer and Vishny (1993), Mauro (1995) , Ades and Di Tella (1999) , Wei (2000) , Habib and Zurawicki (2002) and Sanyal and Samanta (2008) . These studies reveal that corruption negatively affects investment and economic growth. 9 The management of the airport of Castellón has been questioned since the airport has not received a single scheduled flight since its inauguration in 2011. See The New York Times (July 19, 2012) : "In Spain, a symbol of ruin at an airport to Nowhere" 10 See The Financial Times (July 2, 1996) : "German Airport Corruption Probe Deepens: Five Jailed and 20 Companies under Investigation" and Reuters Business Report (September 25, 1996) : "German corruption wave prompts action", reported in Rose-Ackerman (1999 With respect to the effect of corruption on firm-level performance, Vishny (1991, 1993) show that corruption generates social losses because it props up inefficient firms and drives the allocation of talent, technology and capital away from the socially most productive uses. Dal Bó and Rossi (2007) investigate the role of corruption among the determinants of the efficiency of electricity distribution firms. Their theoretical model states that corruption increases the factor requirements of firms, as it diverts managerial effort away from factor coordination. They empirically find that more corruption in the country is strongly associated with more inefficient firms, and the magnitude of the effects of corruption is considerable. Fisman and Svensson (2007) empirically find that firm growth is negatively correlated to both rate of taxation and bribery. Their results reveal that corruption delays the development process to a much greater extent than taxation. Wren-Lewis (2013) confirms these findings, but argues that the participation of an independent regulatory agency reduces the correlation between corruption and efficiency.
For the aviation industry, Yan and Oum (2014) theoretically investigate the effects of local government corruption on the cost of providing public goods, and find that the impact of corruption is contingent on the governance structure and institutional arrangements of airports. Based on US commercial airports, they empirically confirm their theoretical predictions that corruption lowers airport productivity and increases the ratio of non-labor variable input to labor input of airports. The differences in the effects of corruption between airport authorities and airports managed by local government are due to the internal organization structure such as decision-making and managers' autonomy to allocate resources. As result, governance restructuring, which consists of transferring airport management from a local government to an airport authority may not necessarily lead to efficiency gains in corrupt environments. Yan and Oum (2014) limit their analysis to the US commercial airports. The US airports are subject to specific governance structure; they are mostly owned, managed and operated by local governments either as government branches or via airport authorities. Since the first privatization of British Airports Authority in 1987, airport governance restructuring has proliferated elsewhere in the world. The goal of our paper is to extend and confirm the findings of Yan and Oum (2014) to include other forms of ownership and governance. Airports in Europe are chosen to test the impact of corruption on efficiency of fully and partially privatized airports.
Literature on airport efficiency identifies three different performance and productivity analysis methods for airports. These approaches include productivity Index Number method, Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA). The multilateral index number method, the consistency of which with neoclassical theory of the firm first established by Caves, Christensen and Diewert (1982) , uses total factor productivity (TFP) as measure of efficiency. TFP is defined as the ratio of output index to input index, and is easy to compute if firms use single inputs to provide single outputs. However, airports utilize multiple inputs such as labor, capital, and other resources to produce multiple services for both airlines and passengers. Similar as in Oum, Adler and Yu (2006) and Obeng, Assar and Benjamin (1992) , the multilateral index number method proposed by Caves, Christensen, and Diewert (1982) can be used to aggregate inputs and outputs. 13 In the past, many studies including , Nyshadham and Rao (2000) have used TFP approach to evaluate airport performance.
Data envelopment analysis (DEA) is a non-parametric frontier method firstly proposed by Charnes, Cooper and Rhodes (1978) . Based on linear programming method, DEA evaluates efficiency scores for firms (or Decision Marking Units) relative to an efficiency frontier, which is formed by enveloping the data on the frontier. While DEA assumes the continuity and convexity of the productionpossibility set, it allows for using physical measures of capital inputs such as terminal size, number and/or length of runway as approximation of capital inputs.
14 Some applications of DEA to the aviation industry can be found in Gillen and Lall (1997) , Adler and Berechman (2001) , Martıń-Cejas (2002) , Abbott and Wu (2002) , Rietveld (2001, 2003) and Barros and Sampaio (2004) .
Stochastic Frontier Analysis (SFA) is a parametric approach that uses regression equation to assess efficiency. Firstly developed by Aigner, Amemiya and Poirier (1976) and Meeusen and Van den Broeck (1977) , SFA explains output as a function of inputs and a stochastic disturbance, which consists of two parts: a stochastic inefficiency and a traditional "noise term". For the case of estimating production (cost) function the former is always negative (positive). Similar to DEA, SFA assumes the continuity and convexity of the production possibility set. SFA further assumes a particular form of inefficiency distribution and involves a specification of frontier function, which enables it to conduct hypothesis tests and distinguish the sources of efficiency growth. Tsionas (2003) , Pestana Barros (2009 ), Assaf (2009 , 2010 , Marques and Barros (2010) , Brissimis, Delis and Tsionas (2010) and Suzuki et al. (2010) are among the many SFA applications. Liebert and Niemeier (2010) provide an interesting review of all three approaches. The TFP approach is chosen for the purposes of this study.
Methodology
To investigate the effect of corruption on airport efficiency, a two-stage procedure is used. The first stage considers the multilateral index number approach to evaluate the residual (or net) variable factor productivity (rvfp) -our measure of airport operating efficiency. The second stage specifies a regression analysis that explains airport efficiency as a linear function of corruption index and a set of business environmental factors.
Residual (or net) variable factor productivity (rvfp)
The residual (or net) variable factor productivity (rvfp) computed by Air Transport Research Society (ATRS, 2011) is used as measure of airport true managerial efficiency.
To obtain the residual (or net) variable factor productivity (rvfp), we first compute the variable factor productivity (vfp) index, which is defined as the ratio of aggregate outputs to aggregate inputs. Since airports utilize multiple inputs to produce multiple outputs, we apply the multilateral index number method, devised by Caves, Christensen and Diewert (1982) to aggregate the inputs and outputs.
The number of aircraft movements (ATMs), passenger volumes and non-aeronautical revenues are considered to aggregate outputs. 15 It is noteworthy that demand for non-aeronautical services is closely related and complementary to that for aeronautical services (Oum, Adler and Yu, 2006) . Moreover, the non-aeronautical revenues account for a large and increasing portion of airport revenues. 16 Thus, we need to include non-aeronautical revenues among aggregate outputs in order to circumvent serious bias in measuring airport operating efficiency.
With respect to inputs, airports utilize multiple resources including labor input, purchased goods and materials, and purchased services (outsourcing and contracting out) to produce multiple services for airlines and passengers. Labor input is defined as the full-time equivalent number of employees directly 14 One important drawback of DEA method is the lack of transitivity 15 Air cargo services are generally handled by airlines, third-party cargo handling companies and others, which lease space and facilities from airports. Air cargo services are not considered as a separate output in this research, as airports derive a very small percentage of their income from direct service related to air cargo 16 On average, the non-aeronautical activities including concessions, car parking, and numerous other services account for about half of the total airport's revenue in our sample.
paid for by the airport operators. The outsourced services for goods, services, and materials purchased directly by an airport are combined with all other inputs to form a so-called "soft-cost input". We note that our efficiency measure does not consider capital inputs. It is almost impossible to assess capital inputs and expenditures accurately on a comparable basis. Besides, capital costs are usually quasi-fixed during a long-term period while the vfp accounts for a short and/or medium term period. The residual (or net) variable factor productivity (rvfp) is obtained by using a regression analysis, which consists of removing the effects of factors that cannot be controlled by airport managers at least in the short to medium term from the vfp index. These factors include the percentage of international passengers, cargo share, capacity constraint, average aircraft size, airport size and different macroeconomic shocks. The residual of the variable factor productivity index is deemed as more accurate for this research.
Econometric model
In the econometric section, we estimate a model that explains airport efficiency, measured by the residual (or net) variable factor productivity (rvfp) as a linear function of a set of potential business environmental variables. These variables include the country-level corruption index of the airport (CI), the airport's ownership form (OF), an interaction between ownership and corruption, and a set of control variables (X). When the data structure is a sample of airports observed over several time periods (a panel dataset), the regression equation reads:
where rvfp it represents the residual (or net) variable factor productivity of airport i at time t. !" corresponds to the country-level corruption index (CI) of airport i at time t and ′ !" the ownership form. We include an interation between the corruption index and ownership form, ( !" * ! !" ) to capture the effects of corruption under different types of ownership. ′ denotes a set of control variables that potentially affect airport efficiency in addition to corruption, including the form of economic regulation that is prevalent across Europe, the level of competition across gateways and within the catchment area, whether the airport is used as airline hub and/or international gateway, whether the airport belongs to a group from a managerial perspective, and gross domestic product (GDP) per capita. Another set of controls including indicators of institutional quality variables, a proxy of openness to trade and a measure of the importance of government in the economy are added to test the robustness of our results. 17 Ɛ it refers to an independent and identically distributed error term over the airport i and time t dimensions; is the regression's intercept. The parameters , , , represent the marginal effects of the explanatory variables. Given the panel structure of the equation, we estimate both pooled Ordinary Least Squares (OLS) and airport/time-specific random effects (RE) models. The pooled OLS model assumes common intercepts and slopes across airports and periods, and it produces consistent estimates when the data are poolable. 18 The random effects (RE) model assumes the intercept as being a random component. When appropriate, the RE estimator is usually better at capturing the individual and time heterogeneity and it can strongly improve the fit as compared to the pooled OLS model. Our econometric analysis also applies statistical tests that check the violation of fundamental hypotheses of the standard regression model (heteroscedasticity, autocorrelation and cross-sectional dependencies), which alters inference. We apply the required corrections when needed. Other tests are also conducted to compare the competing models and select the most appropriate one from a statistical viewpoint.
Data description
We compile data from 47 airports located in 27 European countries during the 2003-2009 period. The airport data comes from various sources including the International Civil Aviation Organization (ICAO), Airport Council International (ACI), International Air Transport Association (IATA) and airport annual reports. Some of the data was obtained directly from the airports. Table 1 Among the sample of 47 airports during the 2003-2009 period, 5 were fully private, 7 were owned and/or operated by mixed public-private enterprises with private majority, 9 were owned and/or operated by mixed public-private enterprises with government majority, and 21 were owned and/or operated or by 100% government (or public corporations).
Five airports including Amsterdam Schiphol (AMS), Brussels (BRU), Rome Ciampino (CIA), Paris Charles de Gaulle (CDG) and Paris Orly (ORY) have experienced ownership and management restructuring during the period of concern. These airports were traditionally fully owned, managed and operated by governments 
Description of variables 5.1 Variables in the efficiency analysis
Details on the variables used for the efficiency analysis are summarized in Table 2 . The output variables include the number of aircraft movements (ATMs), passenger volumes and non-aeronautical revenues. As for input variables, labor input, purchased goods and materials and purchased services (outsourcing and contracting out) are considered. Source: ATRS global airport performance benchmarking reports (2003) (2004) (2005) (2006) (2007) (2008) (2009) . Units of measurement are in brackets.
Variables in the econometric analysis 5.2.1 Measures of corruption
Corruption, our main variable of interest, is defined as the misuse of public office for private gain (Svensson, 2005) . We consider three indices of corruption drawn from three different sources: the corruption index computed by International Country Risk Guide (ICRG), Corruption Perception Index (CPI) provided by Transparency International and the Control of Corruption Index (CCI) delivered by the World Bank. 19 All three indices are survey-based. The ICRG corruption index captures the likelihood and the expectations that government officials will demand special payment in the form of "bribes connected with import and export licenses, exchange controls, tax assessment, police protection, or loans". Drawn from indicators assembled by panels of international experts, it evaluates corruption mainly within the political system. ICRG corruption index allows for comparison across countries and over time, therefore it is particularly well suited to our main objective. Besides, the ICRG corruption index is widely used in the economics literature (see for example, Knack and Keefer (1995) , Dal Bò and Rossi (2007)). The original index ranges between zero (highly corrupt) and six (highly clean); so a higher corruption index corresponds to a less corrupt country.
Both CPI and CCI are composite indices. While CPI looks at corruption in the public sector, CCI considers corruption in both public and private sectors. CPI corresponds to the average of ratings reported by a number of perception-based sources and business surveys 20 carried out by a variety of independent and reputable institutions. However, CCI is drawn from a large set of data sources including a diverse variety of survey institutes, think tanks, and non-governmental and international organizations. Contrary to ICRG corruption index, CCI and CPI lack "transitivity". Their country rankings can change substantially as one adds or drops one or more countries from the sample. 21 The original CPI scores countries on a scale from zero (highly corrupt) to ten (highly clean) while the original CCI scores range from -2.5 (highly clean) to 2.5 (highly corrupt).
Since it is not meaningful to compare original scores generated by each source, the corruption scores are rescaled between 0 and 10 by setting the value for the most corrupt country at 10 and the least corrupt country at 0. Table 3 The country rankings and corruption scores are compared across the three sources. Regardless of the methodology used, Finland, Denmark, Sweden, the Netherlands and Iceland are the cleanest countries in our sample whereas Bulgaria, Greece, Italy, Turkey and Slovakia are the most corrupt countries. The country rankings in the top and bottom ranges of the scores are quite robust with respect to the methodology. By contrast, the country rankings in the middle ranges including Italy, Ireland and Poland rankings are more sensitive to the source used. Nonetheless, the three corruption indices are highly correlated with each other. 22 The correlation between CCI and CPI is the highest, indicating that both indices yield rather similar country rankings.
Ownership form
The applied literature has established the influence of the ownership form on airports' operating efficiency. We explore this finding for European airports by including the ownership form of airport i at time t in the model. We observe 4 types of ownership in our sample of airports including (1) fully private ownership (2) mixed public-private ownership with private majority (above 50%) (3) mixed public-private ownership with government majority (above 50%) (4) 100% government or public corporation ownership. However, due to the limited data, we combine fully private ownership and mixed public-private ownership with private majority. 23 Thus, we categorize ownership forms according to: (1) mixed publicprivate ownership with private majority (including fully private) (2) mixed public-private ownership with government majority (above 50%) (3) 100% government or public corporation ownership. Ownership forms are modeled with the help of dummy variables. We denote mixed public-private ownership with 22 The correlation coefficients between ICRG index and CPI, ICRG index and CCI and CCI and CPI are 0.8803, 0.8875, 0.9662, respectively. 23 Seven of our sampled airports are owned and operated by mixed enterprises with private majority (50%) and five are fully privatized airports.
private majority as the reference category. We further enquire whether corruption has an effect that potentially depends on the ownership form by including interaction terms between corruption and ownership dummy variables.
Economic regulation and competition
Previous research has found that competition and economic regulation, individually or jointly affect airport efficiency (Chi-Lok, Yuen and Zhang, 2009; Assaf and Gillen, 2012; Malighetti et al., 2009; Adler and Liebert, 2014) . Regarding economic regulation, airports in Europe are traditionally subject to rate of return or cost-based regulation. More recently there has been a trend towards implementing a form of incentive regulation -the price-cap regulation -when airports are privatized or semi-privatized (Gillen, Niemeier and Madrid, 2006) . Both cost-based and price cap regulations can be set under a single or dual till regime. Following Adler and Liebert (2014), we classify the forms of airport economic regulation according to (1) no ex-ante regulation (2) single-till cost-plus regulation (3) dual-till cost-plus regulation (4) single-till price-cap regulation (5) dual-till price-cap regulation (6) charges set by airports (single and dual till). The proxy of airport competition is defined in line with Adler and Liebert (2014) . The variable is based on the number of commercial airports with at least 150 000 passengers per annum within a catchment area of 100 km around the airport. Two levels of competition are considered: strong and weak. An airport is assumed to be facing weak competition at the regional level if there is no more than one additional airport within the catchment area, and strong competition if there are at least two additional airports within the catchment area. In addition, a hub airport that serves as a regional or international gateway is classified as facing strong competition, regardless of its local catchment area. Due to the lack of information, we are not able to account for different product diversification strategies such as low cost carrier traffic. As Adler and Liebert (2014) pointed out, this measure of competition only indicates an upper level of likely competition across airports.
Airport characteristics
We include a set of control variables that capture the major characteristics of our sample of airports. These variables consist of the status of the airport as a hub and/or international gateway 24 , whether the airport belongs to a group from a managerial perspective, and the gross domestic product (GDP) per capita. The controls are included in the model with the help of dummy variables. GDP per capita would capture time and country-specific macroeconomic factors such as productivity shocks. Details on variables used in the econometric analysis are summarized in Table 1 in the Annex.
Empirical results
The first part consists of a discussion on airport efficiency results. In the second part, we analyze the impacts of corruption and other factors on the airport operating efficiency.
Estimates from the efficiency analysis
This study uses the residual (or net) variable factor productivity as a measure of airport operating efficiency. Efficiency scores of the sample of airports are listed in Table 4 . 
Econometric results
Statistical tests show that the Random Effect (RE) model is the most appropriate, and its Pooled OLS counterpart delivers similar results without providing efficiency gains in the estimates. 25 We notice in Table 5 that the RE model explains a much higher share of the total variance of the dependent variable (R Squared) than the pooled OLS regression, and its Adjusted R Squared is much larger as well. Therefore, the RE model is superior in terms of within-sample goodness-of-fit. The Fisher tests accept the absence of time-fixed effects in both pooled OLS and RE models, indicating that no common significant shocks have affected the efficiency of European airports during the period of scrutiny. 26 We report the estimation results from the pooled OLS model in column (2) of Table 5 and the ones from the RE model in column (3). The estimation results from the RE model are used as the basis for our analysis. Given that both models display strong heteroscedasticity and autocorrelation in the residuals, robust standard errors are stated in parenthesis. 27 Table 5 : Estimation results using pooled OLS and Random Effects (RE) models 25 The Lagrangian Multiplier test for random effects displays a statistic of Fisher value of 161.32 and associated p-value of 0.000, indicating that Random effects model is preferred to Pooled OLS. 26 The statistics of Fisher (and their associated p-value) for Pooled OLS and RE models are 1.58 (0.174) and 6.91(0.329), respectively indicating that we cannot reject the null hypothesis that year effects are insignificant. 27 We employ cluster-robust standard errors as recommended by Wooldridge (2002 : "***", "**", "*" denote statistical significance at the 1%, 5%, 10% levels, respectively. Robust standard error associated to each coefficient is stated in parenthesis. We dropped "mixed public-private ownership with private majority (including fully private)" dummy, "the interaction between mixed public-private ownership with private majority and corruption index", "no ex-ante regulation dummy" and "weak competition dummy" in all regressions to avoid multicollinearity. First, we notice that the partial effects of the main variables of interest -corruption, ownership and the interaction terms between corruption and ownership -are highly significant in the RE model and that the signs and magnitudes remain rather robust in the pooled OLS model. Given that the influence of corruption on airport operating efficiency depends on the ownership form, we ran a regression of rvfp on the corruption index, the ownership dummies and the business environmental factors without including the interaction terms in the regression. We found no significant effects of corruption on rvfp.
28 This stresses the importance of accounting for the interactions to uncover the effect of corruption on airport efficiency.
As shown in Table 5 , the impact of corruption on airports' efficiency is negative, and its effect is significant at the 1% level in both RE and pooled OLS specifications. This result suggests that corruption has a negative impact on airport efficiency under mixed public-private ownership with private majority (the default ownership category). Privately owned airports located in less corrupt countries operate more efficiently than the ones situated in more corrupt countries. An increase in one point 29 in the corruption index decreases the residual (or net) variable factor productivity of 0.04 units. This negative influence of corruption on efficiency is consistent with previous literature in other sectors (see for example Dal Bò and Rossi (2007)). Indeed, corruption is found to lower productivity through a diversion of managerial efforts away from running productive activities. In a high corruption environment, airport managers would have more incentives to use bribes when they channel resources to establish lobbies and connections. Then, poor governance and culture of cronyism in highly corrupt countries spur managers of privately owned airports to focus less on airport productivity objectives, leading eventually to lower airport efficiency.
The effects of corruption on mixed public-private ownership with government majority and 100% government ownership are obtained by summing the estimated coefficient of the corruption index to the estimated coefficients' vector of the interaction terms (i.e., + if we refer to eq.1). For each ownership category, the impact is significant if the sum is statistically different from zero. In the RE specification, mixed ownership with government majority displays a sum of 0.007, whereas fully public ownership exhibits a sum of -0.013. In both cases, the Fisher test 30 concludes that the sum is not significantly different from zero at the required cutoffs. Corruption has no effects on the efficiency of both publicly owned airports.
In a high corruption environment, privately owned airports appear to operate less efficiently than publicly owned airports. This finding lines up with the work of Yan and Oum (2014) with respect to the autonomy of airport managers in allocating inputs. Yan and Oum (2014) argue that local tax revenues can fund the operations of a government-owned airport, and that the funding source restricts the airport's flexibility to change inputs allocation.
31 By contrast, managers of privately owned airports have enough managerial autonomy to allocate inputs, so they can either pursue cost efficiency objectives or divert resources to their personal benefits. Therefore, managers of privately owned airports have more freedom to pursue personal goals via changing the allocation of inputs than those of publicly owned airports when corruption is high.
With respect to the ownership form, the estimation results reveal that privately owned airports generally provide higher efficiency scores than publicly owned airports. The effect of each ownership category is derived from the sum of the estimated coefficient of the ownership dummy and its interaction 28 We do not report here the estimation results for the sake of parsimony. 29 We need to be careful in the interpretation of these results. As pointed out by Mauro (1995) , when using perception indexes, it is not clear if the difference between the corruption grade of one and two is the same as between 4 and 5. 30 The Fisher statistics (and their p-values) for mixed ownership with government majority and 100% public ownership are 1.60 (0.206) and 0.58 (0.446), respectively. In both cases, the null hypothesis cannot be rejected, suggesting that the sum of the coefficients is equal to zero. Corruption has no effects on efficiency of both types of ownership. 31 Yan and Oum (2014) state that bureaucrats treat inputs as exogenous for the US commercial airports. with corruption index, (i.e. + if we refer to eq. 1). The sums for mixed public-private ownership with government majority and 100% government ownership are -0.284 and -0.227, respectively. The Fisher tests 32 confirm the negative and highly significant coefficients for both majority and fully public ownership. These results suggest that publicly owned airports are less efficient than privately owned airports in a highly clean environment, in line with the findings of Oum, Adler and Yu (2006) and Oum, Yan and Yu (2008) . Allowing the private sectors to hold a majority stake in the airport management and ownership would improve operating efficiency in a low corruption society. As such, a change from 100% government ownership to mixed public-private ownership with private majority would lead to an efficiency gain of 0.274.
33
The level of local and gateway competition appears to have no specific impact on airport efficiency, in line with Adler and Liebert (2014) . This result may be explained by the approach used to define the level of competition. Chi-Lok and Zhang (2009) stressed that airports serve many different markets including long and short distance, transshipment, and origin-destination markets. However, we are not able to consider these different markets due to the lack of information. We thus may have ignored product diversification strategies.
The coefficients of the form of regulation dummies vary across models but are not always statistically significant. In the pooled OLS specification, airports subject to cost-plus regulation with single till appear to be more statistically efficient than unregulated airports, while the ones subject to incentive regulation with dual till seem to be statistically less efficient. The RE model delivers different estimation results -none of the dummies are statistically significant -indicating that there is no difference between regulated and unregulated airports in terms of operating efficiency. Though some studies including Assaf and Gillen (2012) , Adler and Liebert (2014) have emphasized the importance of accounting for the interaction between ownership, regulation and competition to explain airport operating efficiency, our study is limited to the analysis of the effects of corruption. Thus, we may have ignored the interaction between ownership, competition and regulation.
34
The status as hub and/or international gateway of the airport is not statistically significant in both Pooled OLS and RE models. This provides some indication that most of the hubs in our sample do not possess size and location advantages. We also find no significant impact of multi-airport management on airport efficiency, suggesting that airports included in our sample may not exploit economies of scale and learning effects when they operate with multiple units in the same region. Our findings do not support the argument by Malighetti, Martini, Paleari and Redondi (2009) .
At each stage of the estimation, we include time effects in the model, but the time effects were formally rejected in all cases. We note that the residual (or net) variable factor productivity already accounts for time effects.
35 Therefore, different shocks that potentially affect airport efficiency including the 9/11 terrorist attacks or the 2008 financial crisis should be captured by the rvfp index. 36 The coefficient 32 The Fisher statistics (and their p-values) for mixed ownership with government majority and 100% public ownership are 12.11 (0.0005) and 7.42 (0.006), respectively. These statistics confirm the rejection of the null hypothesis, indicating that the sum of the coefficients is different from zero. Both types of ownership have significant impacts on airport efficiency. 33 The efficiency gain from privatization is obtained by using a regression of rvfp on ownership form dummies and other explanatory variables, and setting the "100% government" ownership as the reference category. Thus, the effect of a change in the ownership from 100% government to mixed public-private ownership with private majority on rvfp is explained by the estimated coefficient of the mixed ownership with private majority. 34 This study focuses on the effects of corruption on airport operating efficiency. Competition, regulation and ownership variables are included in the model as control variables. 35 In computing the rvfp index, we exclude factors that are beyond managerial control including year dummies. 36 As result of the terror attacks, security requirements were legally altered in Europe, requiring substantial investments on the part of the airports. As for the financial crisis in 2008, it provoked large drops in demands.
of GDP per capita is positive and always statistically significant at the 10% level, suggesting that airports operating in more developed countries are more efficient in general.
Robustness checks 7.1 Using additional sets of control variables
In order to ensure the robustness of our results, we extend the controls in the !" matrix of our equation (eq.1) to add country-specific institutional quality variables. This model is dubbed model II in Table 6 . Lambsdorff (2003) emphasizes that corruption includes many different types of behavior, and decomposing it into governance-related subcomponents can identify the channels through which it affects productivity. Mauro (1995) argues that the efficiency of institutions is relevant for any firm operating in the country of interest, since they are assessed independently of macroeconomic variables. Therefore, we include government stability, quality of bureaucracy, internal and external conflict and law and order as indicators of institutional quality variables. 37 In model III of Table 6 , another set of controls is added to model II: a proxy of openness to trade (share of imports in GDP) and a measure of the importance of government in the economy (share of central government revenues in GDP). The latter regressors are largely recognized in the literature as having a strong relationship with corruption.
38 Table 6 shows the estimation results using random effects specification. Robust standard errors are in parenthesis. 37 We follow the definitions proposed by ICRG to specify the institutional quality variables. Bureaucratic quality signals the independence of administration from political pressure, the use of established mechanisms for recruiting and training, and the strength and expertise of government services. Government stability defines the government's ability to carry out its declared program(s) and its ability to stay in office. Law evaluates the strength and impartiality of the legal system while the Order scores the popular observance of the law. Ethnic tension considers the degree of tension within a country attributable to racial, nationality, or language divisions. Internal conflict evaluates political violence in the country and its actual or potential impact on governance whereas external conflict scores the risk to the incumbent government from foreign action, ranging from non-violent external pressure to violent external pressure. 38 See for example Mauro (1995), Dal Bò and Rossi (2007) 39 Since all models display strong heteroscedasticity and autocorrelation in the residuals, we employ cluster-robust standard errors as recommended by Wooldridge (2002 (0.139) Number of observations 252 254 Notes: "***", "**", "*" denote statistical significance at the 1%, 5%, 10% levels, respectively. Robust standard error associated to each coefficient is stated in parenthesis. We dropped "mixed public-private ownership with private majority (including fully private)" dummy, "the interaction between mixed public-private ownership with private majority and corruption index", "no ex-ante regulation dummy" and "weak competition dummy" in all regressions to avoid multicollinearity.
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The former results remain valid whatever the control variables, and in almost all extended models, the corruption impact on airport efficiency remains negative and significant at the 1% significance level. The negative coefficients of mixed public-private ownership with government majority and 100% government ownership confirm that privately owned airports are the most efficient in the absence of corruption. The interaction term between corruption index and mixed ownership with government majority keeps its positive and significant impact at the 5% level in both extended models. However, the statistical tests indicate that the overall effects of corruption on publicly owned airports including 100% and majority government owned airports remain insignificant.
The effects of the form of regulation, competition level, hub status and airport group management dummies remain statistically insignificant. GDP per capita does not appear to have significant impacts.
When we include openness to trade and the share of government revenue to the model, the picture does not significantly change. We apply statistic tests to verify whether the overall impacts of the institutional variables, openness to trade and the share of central government revenues are significant, and the results show that these additional factors do not have significant effects. 40 To sum up, our econometric results seem very robust across models.
Using alternative corruption indices
The use of alternative measures of corruption allows to check on the robustness of our results and to make sure that the latter are not driven by the use of a particular index. We then consider two other corruption measures including Corruption Perception Index (CPI) of Transparency International and Control of Corruption Index of World Bank. Both are composite indices, which have the advantages to admit the biases of specific indices to cancel each other out, thereby determining an average opinion of corruption (Méon and Weill (2010) ). Using the parsimonious specification from the RE estimator, Table 7 confirms that the previous main results are robust to other measures of corruption. 40 We test the null hypotheses that (a) the joint effects of the institutional quality variables are null and (b) the joint effects of openness to trade and share of central government revenues are null. Chi-squared displays statistics (and its p-value) of 6.10 (0.41) and 2.37 (0.3063), respectively, suggesting that the null hypotheses cannot be rejected. 41 The Fisher tests confirm that the coefficients of both interaction terms in each model are null, indicating that corruption has no effects on efficiency of publicly owned airports. Notes: "***", "**", "*" denote statistical significance at the 1%, 5%, 10% levels, respectively. Robust standard error associated to each coefficient is stated in parenthesis. We dropped "mixed public-private ownership with private majority (including fully private)" dummy, "the interaction between mixed public-private ownership with private majority and corruption index", "no ex-ante regulation dummy" and "weak competition dummy" in all regressions to avoid multicollinearity.
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Using different categories of ownership
We want to test if our results are robust to the change in the ownership categories. For this purpose, we separate fully private ownership from mixed public-private ownership with private majority. Four types of ownership are then considered: (1) 100% government (or public corporation), (2) mixed public-private ownership with government majority (above 50%), (3) mixed public-private ownership with private majority (above 50%) and (4) fully private. The 100% government ownership is used as the reference category. The estimation results using the RE specifications are reported in Table 8 , with robust standard errors in parenthesis. 0.592*** (0.095) Number of observation 254 Notes: "***", "**", "*" denote statistical significance at the 1%, 5%, 10% levels, respectively. Robust standard error associated to each coefficient is stated in parenthesis. We dropped "100% government (or public corporation) ownership" dummy variable, "the interaction between 100% government ownership dummy and corruption index", "no ex-ante regulation dummy" and "weak competition dummy" in all regressions to avoid multicollinearity problem.
As stated in Table 8 , the coefficient of corruption index is negative but not statistically significant at the required levels, which suggests that corruption has no effects on fully government-owned airports (the reference category). This confirms our previous findings. With respect to the impact of corruption on rvfp in privately owned airports, our previous results hold only for mixed public-private ownership with private majority. The coefficients of both corruption index and interaction terms, as well as the statistic of Fisher 42 confirm the negative relationship between rvfp and corruption for this ownership category. However, we find no significant effects for the other forms of ownership including fully private ownership. This result may be explained by the limitation of data on fully private airports included in our sample.
The positive and statistically significant coefficient for mixed public-private ownership with private majority is consistent with our previous finding. Again, privatized airports exhibit higher efficiency scores than government owned airports in the absence of corruption. However, no significant difference is found between fully private, mixed public-private ownership with government majority and fully public ownership, in terms operating efficiency.
Treating outliers
Given the characteristics of our dataset, we would expect important outliers for some of the countries included in the sample. To address this potential issue, we drop from the sample: (1) extreme values ofairport efficiency (rvfp), (2) airports that provide the largest values of rvfp, (3) airports that display the smallest values of rvfp and (4) airports that display the smallest and largest values of rvfp. Table 9 compares the estimation results according to each specification using RE model, with robust standard error in parenthesis. : "***", "**", "*" denote statistical significance at the 1%, 5%, 10% levels, respectively. Robust standard error associated to each coefficient is stated in parenthesis. We dropped "mixed public-private ownership with private majority (including fully private)" dummy, "the interaction between mixed public-private ownership with private majority and corruption index", "no ex-ante regulation dummy" and "weak competition dummy" in all regressions to avoid multicollinearity.
Our results are robust to whatever the set of sample. The coefficient of corruption index remains negative and statistically significant at least at the 10% level in each specification. Corruption negatively affects efficiency of privately owned airports. Except for the last sample in which we drop the smallest and largest airports, in the absence of corruption the publicly owned airports including 100% government ownership and mixed public-private ownership with government majority appear less efficient than privately owned airports. However, the coefficients of the corruption index, the interaction terms as well as the Fisher tests confirm that in high corruption environment the mixed public-private ownership with private majority are the least efficient.
Conclusions
While a number of studies have analyzed the determinants of airport efficiency, the role of corruption has attracted limited attention. The aim of this research is to investigate the effects of corruption on operating efficiency of 47 major European airports from 2003 to 2009, using a two-stage approach. In the first stage, the multilateral index number method is applied to compute our efficiency measure, the residual (or net) variable factor productivity (rvfp) index. The same index method is used by Air Transport Research Society (ATRS, 2011) to assess and compare managerial efficiency of airports worldwide. In the second stage, the effect of corruption on the airport efficiency is assessed using robust cluster random effects model. We use the corruption index from International Country Risk Guide (ICRG) as our main measure of corruption. The estimation results are consistent across the pooled Ordinary Least Squares (OLS) and random effects (RE) models but the latter provides better fit of the data.
We find strong evidence that corruption has negative impacts on airport's operating efficiency, and the impacts depend on the airport's ownership form. Airports owned and operated by mixed public-private enterprises with private majority (including 100% private) are expected to be the most efficient in a society where corruption is low. However, they exhibit lower levels of efficiency compared with airports operated by mixed public-private enterprises with government majority and fully government owned airports in highly corrupt countries. These results reflect the differences in autonomy of airport managers when they allocate and channel resources. Accordingly, managers of privately owned airports have more freedom to allocate resources than bureaucrats. We argue that poor governance and culture of cronyism in highly corrupt countries would provide incentives for private sector managers to focus heavily on rent seeking instead of focusing on airport productivity objectives, and eventually lead to lower airport efficiency. Also, there is more room for corruption to creep in because the majority of privatized firms avoid regular audits that the government owned enterprises are usually subject to.
Our empirical findings survive several robustness checks. To deal with potential omitted variable issues, we control for the form of regulation prevalent across European airports, competition level within the catchment area and across gateways, airport characteristics, including airport status as a hub and/or international gateway, whether the airport management belongs to a group from a managerial perspective and GDP per capita. We extend the set of controls to include country-specific institutional quality indicators and variables that vary across countries and over time such as a measure of openness to trade (share of imports in GDP) and a measure of the importance of government in the economy (share of central government revenues in GDP). The main results hold despite using two additional alternative measures of corruption: Corruption Perception index (cpi) established by Transparency International and Control of Corruption index (cci) provided by the World Bank.
Findings from this paper have important policy implications for government and airport managers. Our empirical findings suggest that high corruption in the country might be a hindrance to airport efficiency. Thus, governments who want to transfer airport management and ownership to private sectors may want consider the levels of corruption in the country and allocate adequate resources to reduce corruption.
The corruption levels of European countries are relatively lower compared with many parts of the world. Nonetheless, corruption has become a major concern since the number of officials and state-owned companies from European countries involved in bribery cases and other corruption acts has been increasing. This research, which is limited to Europe, can be extended to airports in other regions including Asia, Oceania and more specifically developing countries and highly corrupted regions. Major air infrastructures in developing countries are funded by the World Bank and/or funding agencies. If corruption not only causes misuse of resources but also impacts on airport operating efficiency, the recipient countries may not be able to pay back the loans. As such, the infrastructure projects lenders may want to retain a certain percentage of their loans, and use it for the country to set up clean project bidding and tendering processes with proper checks and balances, to educate and train officials and employees, and auditing during the project implementation period as well as ex-post auditing.
Furthermore, we use a specific airport efficiency index namely the residual (net) variable factor productivity index, which accounts for the short and medium term airport operating efficiency and does not consider capital investment. Future research is advised to consider alternative measures of efficiency that include capital investment. 
